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(54) Abstract Title 

Viterbi decoder with high-speed processing function 

(57) A Viterbi decoder includes a path metric memory 7, a path memory 11, a branch metric generating 
section 1 and one or more ACS (add, compare, select) units. Each ACS unit receives branch metric data at a 
time T and path metric data from the path metric memory to calculate a •temporal" path metric at a time T+1. 
The "temporal" path metric data is directly fed back as an input to the ACS unit without writing this data to the 
path metric memory. Each ACS unit uses the "temporal" path metric and branch metric data at a time T+1 to 
calculate a new path metric at a time T+2. The new path metric is in turn stored in the path metric memory and 
the whole process is repeated. By omitting the write/read operations in respect of path metrics at time T+1 the 
number of memory read/write operations are reduced by half, leading to increased processing speed and 
lower power consumption. 
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VITERBI DECODER WITH HIGH-SPEED PROCESSING FUNCTION 

Background of the Invention 

1. Field of the Invention 

5 The present invention relates to a Viterbi 

decoder which has a high speed processing function and 
low power consumption. 

2. Descriptio n of the Related Art 

A Viterbi decoder has been conventionally 
10 used to efficiently carry out the most likely decoding 
using the repetitive structure of convolution codes. 
A conventional Viterbi decoder carries out an ACS (add 
compare select) process in which branch metric data 
outputted from a branch metric generating section and 
15 path metric data read out from a path metric memory 
section are added to each other, and the addition 
results are compared with each other so as to select 
the smaller one as the path metric data. Then, the 
conventional Viterbi decoder carries out for the 
20 number of states, a process in which the path metric 
data is stored in the path metric memory and path 
selection data for the selected path metric data is 
stored in the path memory. 

In the above conventional Viterbi decoder, 
25 when the ACS process is carried out, it is necessary 
to read out the path metric data from the path metric 
memory and to write the calculated path metric data in 



the path metric memory after the ACS process. 

Therefore, each read operation from the path metric 
memory and write operation after the ACS process is 
carried out twice for each ACS process. 

5 In other words, the time sufficient to read two data 

from the path metric memory is required as a minimum 
for one ACS process. Thus, there is a problem 

that it is not possible to speed up the ACS process 

any more. 

10 Also, when a RAM is used as the path metric 

memory for the ACS process, the read operation from 
the path metric memory is carried out twice and the 
write operation is carried out twice after the process. 
Therefore, the number of accesses to the RAM is high, so 

15 that power consumption is high compared with the 
processing amount. 

In conjunction with the above description , a - 
Viterbi decoding method is disclosed in Japanese Laid 
Open Patent Application (JP-A-Heisei 10-209882). In 

20 this reference, in a branch metric calculation step, the 
branch metrics of the branches showing state 
transition from time n-1 to time n which are discrete 
are calculated over all possible combinations of a 
transfer origin and a transfer destination. In an ACS 

25 step, the path metrics remaining at the time n-1 are 
read out from a path metric memory. The addition 
values of the read out path metric and the branch 



metric calculated in the branch metric calculation 
step are compared between paths to the transition 
destination for every transition destination . The 
minimum addition value obtained through the comparison 
is written into the path metric memory as a remaining 
path metric at the time n. The above ACS step is 
carried out in parallel for a plurality of paths to 
the different states at the time n-1 through the same 
state at the time n-1. Moreover, the above branch 
metric calculation step is carried out in parallel for 
a plurality of branches in which the transition origin 
is identical and the transition destination is 
different . 

Also, a Viterbi decoder is disclosed in 
Japanese Laid Open Patent Application ( JP-A-Heisei 11- 
186918). In this reference, a branch metric 
calculation section stores code words of a trellis 

chart of previous convolution coding, inputs 

demodulation data in units of the coding blocks and 
calculates a distance between the inputted 
demodulation data and the code word of the trellis 
chart to determine a branch metric, and outputs the 
branch metric corresponding to path data which is 
branched from each state. The path metric memory 
section stores the path metric of a remaining path in 
each state at the time of a preceding decoding 
operation; and outputs the path metric in- synchronism 



with the output from the branch metric calculation 
section. The ACS section adds the branch metric 
outputted from the branch metric calculation section 
to the path metric outputted from the path metric 
5 memory section to determine updated path metric, 

compares the path metrics of the two paths which join 
at an optional state, selects the path having a 
higher likelihood as the remaining path, and outputs 
the path metric and path data for the selected 

10 remaining path. A most likely path determining 

section selects a path having the highest likelihood 
from among the path metrics for remaining paths 
outputted frow said ACS section in each state as the 
most-likely path, and outputs a path number and the path 

15 metric of the most-likely path. The 

normalizing operation section subtracts the path 
metric of the most-likely path outputted from said 
most-likely-path determining section from the path 
metric in the remaining path in each state outputted 

20 from said ACS section for normalization, and outputs 
to a path metric memory section. The path memory 
section sequentially stores the path data of remaining 
paths in each state outputted from said ACS section, 
and outputs the path data with the oldest path number 

25 as the decode data in accordance with the path number 
of the most-likely path from said most-likely-path 
determining section. The ACS section divides the 



path metrics in each state outputted from the path 
metric memory section and the branch metrics of each 
branch outputted from the branch metric calculation 
section into a plurality of specific groups, converts 
the path metrics and the branch metrics into a serial 
sequence for every group , and adds the path metric and 
the branch metric for two paths which join at an 
optional state at time division timing to determine 
updated path metrics , respectively. The two updated 
path metrics are compared and the path having a higher 
likelihood is selected as the remaining path. The 
path metric and the path data for selected remaining 
paths are converted into a parallel sequence for every 
group and outputted in an identical timing. 

Also, a Viterbi decoding apparatus is 
disclosed in Japanese Patent No. 2,798,123. In this 
reference, the Viterbi decoding apparatus decodes a 
reception sequence which is subjected to convolution 
coding in the most-likely manner based on Viterbi 
algorithm. The branch metric calculation and 
normalization section calculates branch metrics and 
normalizes the calculated branch metrics such that the 
most likely value becomes the smallest. A branch 
metric memory section stores the normalized branch 
metrics outputted from the branch metric calculation 
and normalization section as a pair. A state metric 
memory section stores a state metric. An addition, 



comparison and selection section adds the branch 
metric pair read out from the branch metric memory 
section and the state metrics corresponding to the 
branch metric pair read out from the state metric 
5 memory section, respectively, and compares the 
addition results with each other. Moreover, the 
addition, comparison and selection section carries out 
the process for determining the most likely path based 
on the comparison result in parallel and collectively, 
10 and gets a new state metric to update the memory 

contents of the state metric memory section. The path 
memory section stores contents of the path obtained by 
the addition, comparison and selection section. The 
most likely decode judgment section carries out the 
15 decoding operation based on the memory contents of the 
path memory section. The branch metric memory section 
is composed of a write address generation section, a 
read address generation section, a switch and a branch 
metric output destination switching section. The 
20 writing address generation section is composed of a 
pair of memory sections for previously storing the 
branch metrics used by the addition, comparison and 
selection section for the calculation, and previously 
stores a pair of branch metrics in the same address of 
25 the pair of memory sections. The read address 

generation section reads out the pair of branch 
metrics stored in the same address of the pair of 



memory sections in parallel. The switch is connected 
between the write address generation section, the read 
address generation section and the pair of memory 
sections to supply one of the write address and the 
i read address on an address bus of the pair of memory 
sections. The branch metric output destination 
selection section changes the read out branch metrics 
from the pair of memory sections to the output of the 
branch metrics of a corresponding trellis. 

Summary of the Invention 
An object of the preferred embodiments of the 
present invention is to provide a Viterbi decoder in 
which high-speed processing and low power consumption 
can be achieved. 

In an aspect of the present invention, a 
Viterbi decoder includes a path metric memory, a path 
memory, a branch metric generating section, an ACS 
(add compare and select) unit, a write section and a 
read section. The branch metric generating section 
generates branch metric data at respective times. The ACS 
(add, compare and select) unit calculates new path metric 
data from path metric data inputted thereto and the branch 
metric data at the respective times supplied from the 
branch metric generating section, and determines path 
selection data for the new path metric data. The write 
section writes the new path metric data and the path 
selection data in the path metric memory and the 



path memory, respectively. The read section 

reads out the path metric data from the path metric 

memory to output to the ACS unit. 

The ACS unit may input the path metric data, 
5 add the inputted path metric data and the branch 
metric data at one of the times supplied from the 
branch metric generating section to produce temporal 
addition results, select a smaller one of the temporal 
addition results to latch the smaller temporal 
10 addition result as temporal path metric data, add the 
temporal path metric data and the branch metric data 
at the next time supplied from the branch metric 
generating section to produce addition results, select a 
smaller one of the addition results, and latch and 
15 output the smaller addition result as the new path 

metric data and the path selection data for the new 
path metric data. 

Also, the ACS unit may input the path metric 
data at a time T and the branch metric 
20 data at the time T to calculate temporal path metric 
data at a time T+l, and calculate the new 
path metric data at a time T+2 from the 
temporal path metric data at the time T+l and the 
branch metric data at the time T+l. 

In this case, the ACS unit may include a 
switch section, an adding section, a selecting section 
and a latch section. The switch section may select 



25 



and output a first one of the path metric data at the 
time T and a first one of the temporal path metric data 
at the time T+l, select and output a second one of the 
path metric data at the time T and a second one of the 
5 temporal path metric data at the time T+l. select and 
output a third one of the path metric data at the time 

T and the first temporal path metric data at the time 
T+l, and select and output a fourth one of the path 
metric data at the time T and the second temporal path 

10 metric data at the time T+l. The adding section may 

add the first branch metric data at the time T and the 
first path metric data at the time T to produce a 
first addition result at the time T+l, add the first 
branch metric data at the time T+l and the first 

15 temporal path metric data at the time T+l to produce a 
first addition result at the time T+2, add the second 
branch metric data at the time T and the second path 
metric data at the time T to produce a second addition 
result at the time T + l, add the second branch metric 

20 data at the time T+l and the second temporal path 
metric data at the time T+l to produce a second 
addition result at the time T+2, add the third branch 
metric data at the time T and the third path metric, 
data at the time T to produce a third addition result 

25 at the time T+l, add the third branch metric data at 
the time T+l and the first temporal path metric data 
at the time T+l to produce a third addition result. at. 



the time T + 2, add the fourth branch metric data at the 
time T and the fourth path metric data at the time T 
to produce a fourth addition result at the time T+l; 
and add the fourth branch metric data at the time T+l 
and the second temporal path metric data at the time 
T+l to produce a fourth addition result at the time 
T+2. Also, the selecting section may select a first 
smaller one of the first and second addition results 
at the time T+l, select . a second smaller one of the 
third and fourth addition results at the time T+l, and 
select a first smaller one of the first and second 
addition results at the time T+2 and output a first 
one of the path selection data for the first smaller 
addition result at the time T+2, select a second 
smaller one of the third and fourth addition results 
at the time T+2 and output a second one of the path 
selection data for the second smaller addition result 
at the time T+2. The latch section may latch the 
first smaller addition result at the time T+l as the 
first temporal path metric data, and the second 
smaller addition result at the time T+l as the second 
temporal path metric data, and latch the first smaller 
addition result at the time T+2 as a first one of the 
new path metric data, and the second smaller addition 
result at the time T+2 as a second one of the new path 
metric data. 

In the above cases, the Viterbi decoder may 



further include a register and a subtracting section. 
The register latches the smallest one of elements of 
the new path metric data for states determined based 
on a restriction length. The subtracting section 
subtracts a value of the smallest element from each of 
elements of the path metric data read out from the 
path metric memory. 

Also, the Viterbi decoder may further include 
a plurality of the ACS units. In this case; the 
writing section writes the new path metric data and 
the path selection data from each of the plurality of 
ACS units in the path metric memory and the path 
memory , respectively . 

Also, in another aspect of the present 
invention, a method of Viterbi-decoding demodulation 
data is attained by: (a) generating branch metric data a 
time from demodulation data; (b) calculating 
new path metric data from path metric data and the 
generated branch metric data at the times and 
determining path selection data for the new path 
metric data; (c) writing the new path metric data 

and the path selection data in a path metric memory 

and a path memory, respectively; and, (d) reading 

out the path metric data from the path metric memory 
for the (b) calculating step of a next process. 

The (b) calculating step may be attained by 
(e) adding the path metric data and the branch metric 



data at one of the times to produce temporal addition 

results; (f) selecting smaller one of the temporal 

addition results to latch the smaller temporal 

addition result as temporal path metric data; (g) 

adding the temporal path metric data and the branch 
metric data at the next time to produce addition 
results; (h) selecting smaller one of the addition 
results; and, (i) latching the smaller addition 
result as the new path metric data and the path 
selection data for the new path metric data. 

Also, the (b) calculating step may be 
attained by (j) calculating temporal path metric data 
at a time T+l of the times from the path metric data 
at a time T of the times and the branch metric data at 
the time T; and, (k) calculating the new path metric 
data at a time T+2 of the times from the temporal path 
metric data at the time T+l and the branch metric data 
at the time T+l. 

In this case, the (j) calculating step may 
Include the steps of: (1) selecting first one of the 
path metric data at the time T , second one of the path 
metric data at the time T , third one of the path 
metric data at the time T, and fourth one of the path 
metric data at the time T; (m) adding the first branch 
metric data at the time T and the first path metric 
data at the time T to produce a first addition result 
at the time T+l, adding the second branch metric data 
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at the time T and the second path metric data at the 
time T to produce a second addition result at the time 
T+l, adding the third branch metric data at the time T 
and the third path metric data at the time T to 
5 produce a third addition result at the time T+l, and 
adding the fourth branch metric data at the time T and 
the fourth path metric data at the time T to produce a 
fourth addition result at the time T+l; (n) selecting 
a first smaller one of the first and second addition 

10 results at the time T+l, and selecting a second 

smaller one of the third and fourth addition results 
at the time T+l; and (o) latching the first smaller 
addition result at the time T+l as the first one of 
the temporal path metric data, and the second smaller 

15 addition result at the time T+l as the second one of 
the temporal path metric data. 

Also, the (k) calculating step may include 
the steps of: (p) selecting first one of the temporal 
path metric data at the time T+l, second one of the 

20 temporal path metric data at the time T+l, the first 
temporal path metric data at the time T+l, and the 
second temporal path metric data at the time T+l; (q) 
adding the first branch metric data at the time T+l 
and the first temporal path metric data at the time 

25 T+l to produce a first addition result at the time T+2, 
adding the second branch metric data at the time T+l 
and the second temporal path metric data at the time - 



14 



T+l to produce a second addition result at the time 
T+2, adding the third branch metric data at the time 
T+l and the first temporal path metric data at the 
time T+l to produce a third addition result at the 
5 time T+2, and adding the fourth branch metric data at 
the time T+l and the second temporal path metric data 
at the time T+l to produce a fourth addition result at 
the time T+2; (r) selecting a first smaller one of the 
first and second addition results at the time T+2 and 

10 outputting a first one of the path selection data for the 
first smaller addition result at the time T+2. and 
selecting a second smaller one of the third and fourth 
addition results at the time T+2 and outputting a second 
one of the path selection data for the second smaller 

15 addition result at the time T+2; and (s) latching the 
first smaller addition result at the time T+2 as a 
first one of the new path metric data, and the second 
smaller addition result at the time T+2 as a second 
one of the new path metric data. 

20 The method may further include (t) latching 

the smallest one of elements of the new path metric 
data for states determined based on a restriction 
length; and, (u) subtracting a value of the smallest 
element from each of elements of the path metric data 

25 read out from the path metric memory. 

Also, the (c) writing step may be attained by 
writing the new path metric data and the path 
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selection data generated by a plurality of ACS units through 
the (b). calculating step in the path metric memory and the path 
memory, respectively . 

Brief Description of the Drawings 
5 Preferred features of the present invention will now be 

described, by way of example only, with reference to the 
accompanying drawings, in which: - 

Fig- 1 is a block diagram showing the structure of a 
Viterbi decoder according to a first embodiment of the present 
10 invention; 

Figs- 2A to 2C are state transition diagrams showing the 
process flow of an ACS unit; and, 

Fig- 3 is a block diagram showing the structure of a 
Viterbi decoder according to a second embodiment of the present 
15 invention. 

Description of the Preferred Embodiments 

Hereinafter, a Viterbi decoder of the present invention 
will be described in 
detail with reference to the attached drawings. 

20 Fig. 1 is a block diagram showing the Viterbi decoder 

according to the first embodiment of the present invention. 
In Fig. 1, a branch metric generating section 1 produces 
branch metric data for 2 symbols from inputted demodulation 
symbols. Switch (SW) sections 2a to 2d select which of path 

25 metric data held by a latch 2 section 8 and the path metric 
data held by latch 1 sections 5a and 5b should be outputted, 
respectively. Adders 3a and 3b add the branch metric 



data generated as described above and the path metric 
data outputted from the SW sections 2a to 2d, 
respectively . 

Comparing and selecting sections 4a and 4b 
select the smaller one of the addition results and 
output the path metric data and path selection data, 
respectively. Latch 1 sections 5a and 5b latch the 

path metric data outputted from the comparing and 
selecting sections 4a and 4b to adjust the output 
timing, respectively. The serial/parallel (S/P) 
converting section 10 carries out a serial to parallel 
converting process to write the path selection data 
outputted from the comparing and selecting sections 4a 
and 4b in a path memory 11. 

A data switching section 6 selects the path 
metric data outputted from the latch 1 sections 5a and 
5b to be written in the path metric memory 7. The 
latch 2 section 8 reads and latches the path metric 
data from the path metric memory 7. An address 
generating section 9 generates read/write addresses 
for the path metric memory 7 and the path memory 11. 
A trace-back section 12 carries out a trace-back 

operation from the path memory 11 which stores the 
generated path selection data to generate Viterbi 
decode data. Also, a timing generating section 13 

generates control timing signals to control all 
sections of the Viterbi decoder. 
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The Viterbi decoder in this embodiment is 
composed of a ACS units, each of which is composed of 
the switch sections 2a to 2d, the adding sections 3a 
and 3b, the comparing and selecting sections 4a and 4b, 
5 and the latch 1 sections 5a and 5b. The structures of 
the adding sections 3a and 3b and comparing and 
selecting sections 4a and 4b may be the same as those of 
the conventional ACS circuit. 

Next, the operation of this embodiment will 
10 be described with reference to Fig. 1 and Figs- 2A to 
2C r using as an example a case where a single ACS unit 
is present at the time of coding rate R=l/2 and 
restriction length K=9 . 

Because the restriction length K=9, there are 
15 256 states of 0 to 255. In the ACS process, the 

following 0-th to fourth processes are repeated 64 
times, to generate path metric data and path memory 
data in the states 0 to 255 at the time T+l and time 
T+2. The ACS process for 2 symbols is carried out by 
20 repeating the following 0-th to fourth processes 64 
times (x=0- 63 ) . 

First, the path metric data at the time T to 
be used by the ACS unit are read out from the path 
metric memory 7 previously and the latch 2 section 8 
25 holds the read out path metric data in the states 0+x, 
128+x, 64+x, and 192+x. 

<The 0-th process: Generation of branch 
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metric data> 

The branch metric generating section 1 inputs 
2 demodulation symbols. With respect to the first 

symbol for the processes (D and (I) in the ACS process 
of Figs. 2A to 2C, the branch metric generating 
section 1 generates branch metric data on the side of 
Z in the state 0+x, on the side of Z* in the state of 
128+x, on the side of Z of state 64+x and on the side 
of Z* in the state 192+x at the time T. 

At the next timing, for the processes (D and 
® in the ACS process of Figs. 2A to 2C, the branch 
metric generating section 1 generates branch metric 
data on the side of Z* in the state 0+x, on the side 
of Z in the state 128+x, on the side of Z* in the 
state 64+x and on the side of Z in the state 192+x at 
the time T. 

At the next timing, about the second symbol, 
for the processes (ED and (D in the ACS process of Figs. 
2A to 2C, the branch metric generating section 1 
generates branch metric data on the side of Z and the 
side of Z* in the state 0+x, and on the side of Z* and 
the side of Z in the state 128+x at the time T+l. At 
the next timing, for the processes (D and (D in the ACS 
process of Figs. 2A to 2C f the branch metric 
generating section 1 generates branch metric data on 
the side of Z and the side of Z* in the state 1+x, and 
on side of Z* and the side of Z in the state 129+x at 



the time T+l. 

<The first process: The process of ACS unit 
at the time T+l on the side of Z> 

The processes of (D and (D in Figs. 2A to 2C 
will be described. 

The switch (SW) section 2a selects and 
outputs the path metric data A in the state 0+x at the 
time T outputted from the latch 2 section 8. The 
switch (SW) section 2b selects the path metric data B 
in the state 128+x at the time T in the same way. In 
the same way, the switch (SW) section 2c selects the 
path metric data C in the state 64+x at the time T and 
the switch (SW) section 2d selects the path metric 
data D in the state 192+x at the time T. 

The adding section 3a adds the branch metric 
data on the side of Z in the state 0+x and the side of 
Z* in the state of 128+x at the time T which have been 
generated by the branch metric generating section 1 to 
the path metric data of states 0+x and 128+x at the 
time T inputted from the switch (SW) sections 2a and 
2b. Also, the adding section 3b adds the branch 
metric data on the side of Z in the state of 64+x and 
the side of Z* in the state of 192+x at the time T 
which are generated by the branch metric generating 
section 1 to the path metric data of states 64+x and 
192+x at the time T inputted from the switch (SW) 
sections 2c and 2d. 
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The comparing and selecting section 4a 
compares the path on the side of Z from the state 0+x 
and the path on the side of Z* from the state 128+x. 
selects the smaller one in the addition result and 
5 outputs the addition result for the selected path and 
path selection data. The comparing and selecting 
section 4b compares the path on the side of Z from the 
state 64+x and the path on the side of Z* from the 
state 192+x, selects the smaller one in the addition 

10 result and outputs the addition result for the 
selected path and path selection data. 

The latch 1 section 5a latches and holds the 
selected path addition result as the path metric data 
in the state 0+x at the time T+l and the latch 1 

15 section 5b latches and holds the selected path 

addition result as the. path metric data in the state 
128+x at the time T+l. 

<The second process: The process on the side 
of Z* of ACS unit at the time T+l> 

20 The processes of d> and <D of Figs . 2A to 2C 

will be described. 

The adding section 3a adds the branch metric 
data on the side of Z* in the state 0+x and the side 
of Z in the state 128+x at the time T which have been 

25 generated by the branch metric generating section 1 to 
the path metric data in the state 0+x and 128+x at the 
time T inputted from the switch (SW) sections 2a and 



2b. Also, the adding section 3b adds the branch 
metric data on the side of Z* in the state 64+x and 
the side of Z in the state 192+x at the time T which 
have been generated by the branch metric generating 
section 1 to the path metric data in the state 64+x 
and 192+x at the time T inputted from the switch (SW) 
sections 2c and 2d. 

The comparing and selecting section 4a 
compares the path on the side of Z* from the state 0+x 
and the path of the side of Z from the state 128+x, 
selects the smaller path in the addition result and 
outputs the addition result of the selected path and 
path selection data* The comparing and selecting 
section 4b compares the path on the side of Z* from 
the state 64+x and the path on the side of Z from the 
state 192+x, selects the smaller path in the addition 
result and outputs the addition result of the selected 
path and path selection data. 

The latch 1 section 5a latches and holds the 
selected path addition result as the path metric data 
in the state l+2x at the time T + l, and the latch 1 
section 5b latches and holds the selected path 
addition result as the path metric data in the state 
129+2x at the time T+l. 

<The third process: The process of ACS unit 
on the smaller path side at the time T+2> 

The processes of (D and (D of Pigs . 2A to 2C 



will be described. 

The switch (SW) section 2a and the switch 
(SW) section 2c select the path metric data in the 
state 0 + 2x at the time T+l inputted from the latch 1 
5 section 5a. The switch (SW) section 2b and the switch 
(SW) section 2d select the path metric data in the 
state 128+2X at the time T+l inputted from the latch 1 
section 5b. 

The adding section 3a adds the branch metric 

10 data on the side of Z in the state 0 + 2x and the side 
of Z* in the state 128+2x at the time T+l which have 
been generated by the branch metric generating section 
1 to the path metric data in the states 0+2x and 
128+2X at the time T+l inputted from the switch (SW) 

15 sections 2a and 2b. Also, the adding section 3b adds 
the branch metric data on the side of Z* in the state 
0+2x and the side of Z in the state 128+2x at the time 
T+l which have been generated by the branch metric 
generating section 1 to the path metric data in the 

20 state 0+2x and 128+2x at the time T+l inputted from 
the switch (SW) section 2c and 2d. 

The comparing and selecting section 4a 
compares the path on the side of Z from the state 0+2x 
and the path on the side of Z* from the state 128+2x, 

25 selects the smaller path of the addition results, and 
outputs the path metric data in the state 0+4x at the 
time T+2 and the path selection data. Also, the 
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comparing and selecting section 4b compares the path 
on the side of Z* from the state 0 + 2x and the path on 
the side of Z from the state 128+2x, selects the 
smaller path of the addition results, and outputs the 
5 path metric data in the state l+4x at the time T+2 and 
the path selection data. 

The latch 1 section 5a latches the path 
metric data in the state 0 + 4x at the time T+2 and 
outputs to the data switching section 6. Also, the 
10 latch 1 section 5b latches the path metric data in the 
state l + 4x at the time T+2 and outputs to the data 
switching section 6. 

<The fourth process: The calculation of the 
ACS unit on the larger path side at the time T+2> 
15 The processes of CD and ® of Figs. 2A to 2C 

will be described. 

The switch (SW) section 2a and the switch 
(SW) section 2c select the path metric data in the 
state l+2x at the time T+l inputted from the latch 1 
20 section 5a, and the switch (SW) section 2b and the 

switch (SW) section 2d select the path metric data in 
the state 129+2x at the time T+l inputted from the 
latch 1 section 5b. 

The adding section 3a adds the branch metric 
25 data on the side of Z in the state l+2x and the side 
of Z* in the state 129+2x at the time T+l which have 
been generated by the branch metric generating section 



1 to the path metric data of 129+2x in the state l + 2x 
at the time T + l inputted from the switch (SW) sections 
2a and 2b/ Also, the adding section 3b adds the 
branch metric on the side of Z* in the state l + 2x and 
5 the side of Z in the state 129+2x at the time T+l 
which have been generated by the branch metric 
generating section 1 to the path metric data in the 
states l + 2x and 129+2x at the time T+l inputted from 
the switch (SW) section 2c and 2d. 

10 The comparin and selecting section 4a 

compares the path on the side of Z from the state l + 2x 
and the path on the side of Z* from the state 129+2x, 
selects the smaller path of the addition results and 
outputs the path metric data in the state 2+4x at the 

15 time T+2 and the path selection data. Also, the 

comparing and selecting section 4b compares the path 
on the side of Z* from the state l + 2x and the path on 
the side of Z from the state 129+2x, selects the 
smaller path of the addition results and outputs the 

20 path metric data in the state 3 + 4x at the time T+2 and 
the path selection data. 

The latch 1 section 5a latches the path 
metric data in the state 2+4x at the time T+2 and 
outputs to the data switching section 6. Also, the 

25 latch 1 section 5b latches the path metric data in the 
state 3+4x at the time T+2 and outputs to the data 
switching section 6. 
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When the above 0-th to fourth processes end, 
the data switching section 6 switches the path metric 
data to be written into the path metric memory 7, 
between the path metric data in the state 0+4x at the 
5 time T+2 outputted from the latch 1 section 5a and the 
path metric data in the state l+4x at the time T+2 
outputted from the latch 1 section 5b. Also, the data 
switching section 6 switches the path metric data to 
be written into the path metric memory 7, between the 

10 path metric data in the state 2+4x at the time T+2 
outputted from the latch 1 section 5a and the path 
metric data in the state 3+4x at the time T+2 
outputted from the latch 1 section 5b. 

The S/P converting section. 10 inputs the path 

15 selection data at the times T+l and T+2 which have 
been calculated through the above 0-th to fourth 
processes, carries out serial/parallel conversion to 
the path selection data and generates write data 
according to the format of the path memory 11. 

20 The address generating section 9 carries out 

the generation of the write/read addresses to the path 
metric memory 7 and the write/read address to the path 
memory 11. 

The timing generating section 13 generates 
25 the control timing signals which are used in the 

branch metric generating section 1, the SW sections 2a 
to 2d, the latch 1 sections 5a and' 5b, the data 



switching section 6, the S/P converting section 10, 
the address generating section 9, the latch 2 section 
8. Therefore, the timing generating section 13 has a 
counter for counting the value x=0 to 63 and a counter 
5 for counting the number of times of the decoding 
operation. If counting 1/2 of the preset number of 
symbols, the timing generating section 13 reads the 
path selection data stored in the path memory section 
11 r carries out a trace back operation, and outputs 
10 the Viterbi decode data, resulting in end. 

It should be noted that when a ACS units are 
provided as in the first embodiment shown in Fig. 1, 
the (4 x a ) branch metric data are outputted from the 
branch metric generating section 1, and supplied to 
15 the respective ACS units. Also, the (4Xa) path 

metric data are read out from the path metric memory 7 
and latched and processed. 

In this case, the path metric data outputted 
from each ACS unit are written into the path metric 
20 memory 7. Therefore, the path metric data to be 
written in a unit time increases to a times. 
Therefore, the path metric memory 7 is divided into 1/ 
a to allow read/write in a time. Similarly, the path 
selection data outputted from the ACS unit increases 
25 to a times. Therefore, it is necessary to increase 
the serial parallel circuit in the S/P converting 
section 10 to write data into the path memory 11. 



Fig. 3 is a block diagram showing the second 
embodiment of the present invention. The second 
embodiment is different from the first embodiment in 
the point that a minimum value register 14 and a 
subtracting section 15 are added to the first 
embodiment of Fig. 1. The other components are same 
as those in the first embodiment of Fig. 1. Therefore 
only the different parts will be described hereinafter 
and the description of the same components as those of 
Fig. 1 is omitted. 

In Fig. 3, the comparing and selecting 
circuits 4a and 4b select the smaller one of the 
inputted path metric data. The minimum value register 
14 selects the smallest one from among the path metric 
data in the state 0 to state 255 outputted than the 
data switching section 6 and latches. 

The subtracting section 15 reads out the path 
metric data from the path metric memory 7 , subtracts 
the value of the minimum value register 14 from the 
read out path metric data and outputs the subtraction 
result to the latch 2 section 8. The switching of the 
minimum value register 14 is carried out when the path 
metric data in the state 0 is read out. 

In this case, even if the value of the 
minimum value register is subtracted, the subtraction 
result is not used, when the entire read out path 
metric data are 1 . The original data of all 1 is 
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outputted. Thus, it is suppressed that the value of 
the path metric data becomes large, because the 
minimum value of the path metric data before 2 symbols 
is subtracted from the path metric data used by the 
ACS unit. Also, the minimum value register and the 
subtraction circuit may be applied to the first 
embodiment and the ACS unit may be provided for a 
plurality in the second embodiment. 

In the present invention, the path metric 
data outputted from the ACS unit are used as the path 
metric data at the next time. Therefore, the number 
of times of the read operation of the path metric data 
from the path metric memory is reduced to a half, 
compared with the conventional Viterbi decoder. Also, 
the number of times of the write operation of the path 
metric data into the path metric memory is reduced to 
a half, compared with the conventional Viterbi decoder. 
Therefore, the accesses to the RAM are reduced to a 
half so that it is possible to decrease the power 
consumption . 

Also, the number of times of the access to 
the path metric memory is a half. Also, the path 
metric data outputted from the ACS unit are inputted 
and used again. Therefore, the ACS units can be 
reduced to a half with the same throughput. 

In other words, in the present invention, the 
path metric data are read out from the path metric 
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memory at time T and the read out path metric data and 
the branch metrics at time T are added to each other 
in the ACS circuit. The addition results are compared 
to select one of them so that the path selection data 
5 and the path metric data at time T+l are calculated. 
The path selection data at time T+l is written in the 
path memory. However, the path metric data at time 
T+l is not written in the path metric memory and 
supplied to the ACS circuit again. 

10 Then, in the ACS circuit, the path metric 

data at time T+l are added with the branch metrics at 
time T+l, and the addition results are compared to 
select one of them so that the path selection data and 
path metric data at time T+2 are calculated. The 

15 calculated path selection data and path metric data at 
time T+2 are written in the path memory and the path 
metric memory, respectively. 

Therefore, in the path metric memory, the 
write operation and read operation of the path metric 

20 data at time T+l can be omitted. Therefore, the 

number of times of access to the path metric memory 
can be reduced to a half, so that processing speed and 
the reduction of the power consumption can be attained 
While the present invention has been described 
in its preferred embodiments, it is to be understood 
that the words which have been used are words of 



- 30 - 



description rather than limitation, and that changes may 
be made to the invention without departing from its 
scope as defined by the appended claims . 

Each feature disclosed in this specification 
5 (which term includes the claims) and/ or shown in the 
drawings may be incorporated in the invention 
independently of other disclosed and/or illustrated 
features . 

The text of the abstract filed herewith is 
10 repeated here as part of the specification. 

A Viterbi decoder includes a path metric 
memory, a path memory, a branch metric generating 
section, an ACS (add, compare and select) unit, a write 
section, and a read section. The branch metric gener- 
is ating section generates branch metric data at respective 
times. The ACS unit calculates new path metric data 
from path metric data inputted thereto and the branch 
metric data supplied from the branch metric generating 
section at the respective times, and determines path 
20 selection data for the new path metric data. The write 
section writes the new path metric data and the path 
selection data in the path metric memory and path 
memory, respectively. The read section reads out the 
path metric data from the path metric memory as output 
25 to the ACS unit. 



CLAIMS: 

1. A Viterbi decoder comprising: 

a branch metric generating section which 

generates branch metric data at respective times, 

a path metric memory which stores path metric 

data; 

a path memory which stores path selection 

data; 

an ACS (add compare and select) unit which 
calculates new path metric data from path metric data 
inputted thereto and said branch metric data supplied at 
the respective times from said branch metric generating 
section, and determines path selection data for said new 

path metric data; 

a write section which writes said new path 
metric data and said path selection data in said path 
metric memory and said path memory, respectively; and 

a read section which reads out said path 
metric data from said path metric memory to output to 
said ACS unit. 

2. The Viterbi decoder according to claim 1, 

wherein said ACS unit inputs said path metric data, 
adds the inputted path metric data and said branch 
metric data at one of the respective times supplied from 
said branch metric generating section to produce temporal 
addition results, selects a smaller one of the temporal 
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addition results to latch the smaller temporal addition 
result as temporal path metric data, adds the temporal 
path metric data and the branch metric data at the next 
time supplied from said branch metric generating section 
to produce addition results, selects a smaller one of 
the addition results, and latches and outputs the 
smaller addition result as said new path metric data and 
said path selection data for the new path metric data. 

3. The Viterbi decoder according to claim 1 # 
wherein said ACS unit inputs said path metric data at a 
defined time T and said branch metric data at said 
defined time T to calculate temporal path metric data at 
a defined time T+l, and calculates said new path metric 
data at a defined time T+2 from the temporal path metric 
data at said time T+l and said branch metric data at 
said time T+l. 

4 . The Viterbi decoder according to claim 3 , 
wherein said ACS unit comprises : 

a switch section which selects and outputs a 
first one of said path metric data at said time T and a 
first one of said temporal path metric data at said time 
T+l, selects and outputs a second one of said path 
metric data at said time T and a second one of said 
temporal path metric data at said time T+l, selects 
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and outputs a third one of said path metric data at said 
10 time T and said first temporal path metric data at 

said time T+l, and selects and outputs a fourth one of 
said path metric" data at said time T and said second 
temporal path metric data at said time T+l; 

an adding section which adds said first 
15 branch metric data at said time T and said first path 
metric data at said time T to produce a first addition 
result at said time T+l, adds said first branch metric? 
data at said time T+l and said first temporal path 
metric data at said time T+l to produce a first 
20 addition result at said time T+2, adds said second 

branch metric data at said time T and said second path 
metric data at said time T to produce a second 
addition result at said time T+l, adds said second 
branch metric data at said time T+l and said second 
25 temporal path metric data at said time T+l to produce 
a second addition result at said time T+2, adds said 
third branch metric data at said time T and said third 
path metric data at said time T to produce a third 
addition result at said time T+l, adds said third 
30 branch metric data at said time T+l and said first 

temporal path metric data at said time T+l to produce 
a third addition result at said time T+2, adds said 
fourth branch metric data at said time T and said 
fourth path metric data at said time T to produce a 
35 fourth addition result at said time T+l, and adds said 
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fourth branch metric data at said time T+l and said 
second temporal path metric data at said time T+l to 
produce a fourth addition result at said time T + 2; 

a selecting section which selects a first 
smaller one of said first and second addition results 
at said time T+l, selects a second smaller one of said 
third and fourth addition results at said time T+l , 
and selects a first smaller one of said first and 
second addition results at said time T+2 and outputs a 
first one of said path selection data for the first 
smaller addition result at said time T+2, selects a 
second smaller one of said third and fourth addition 
results at said time T+2 and outputs a second one of 
said path selection data for the second smaller 
addition result at said time T+2; and 

a latch section which latches said first 
smaller addition result at said time T+l as said first 
temporal path metric data, and said second smaller 
addition result at said time T+l as said second 
temporal path metric data, and latches said first 
smaller addition result at said time T+2 as a first 
one of said new path metric data, and said second 
smaller addition result at said time T+2 as a second 
one of said new path metric data* 

5. The Viterbi decoder according to any of 

claims 1 to 4, further comprising: 
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a register which latches the smallest one of 
elements of said new path metric data for states 
5 determined based on a restriction length; and 

a subtracting section which subtracts a value 
of said smallest element from each of elements of said 
path metric data read out from said path metric 
memory . 

6. The Viterbi decoder according to any of 

claims 1 to 5, further comprising: 

a plurality of said ACS units, and 
wherein said write section writes said new 
5 path metric data and said path selection data from 
each of said plurality of ACS units in said path 
metric memory and said path memory, respectively. 

7- A method of Viterbi-decoding demodulation 

data, comprising the steps of : 

(a) generating branch metric data at 
respective times from demodulation data; 
5 (b) calculating new path metric data from 

path metric data and said generated branch metric data 
at the respective times , and determining path selection 
data for said new path metric data; 

(c) writing said new path metric data and 
10 said path selection data in a path metric memory and a 
jpath memory, respectively; and, 
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(d) reading out said path metric data from 
said path metric memory for said (b) calculating step 
of a next process. 

8 The method according to claim 7, wherein said 

(b) calculating step comprises the steps of: 

(e) adding said path metric data and said 
branch metric data at one of the respective times to 

5 produce temporal addition results; 

(f) selecting a smaller one of the temporal 
addition results to latch the smaller temporal 
addition result as temporal path metric data; 

(g) adding said temporal path metric data and 
10 said branch metric data at the next respective times to 

produce addition results; 

(h) selecting a smaller one of the addition 

! results; and, 

(i) latching the smaller addition result as 
15 said new path metric data and said path selection data 

for the new path metric data. 

9. The method according to claim 7, wherein said 

(b) calculating step comprises the steps of: 

(j) calculating temporal path metric data at 
a respective time T+l from said path metric data at a 
5 respective time T and said branch metric data at said 
time T; and, 
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(k) calculating said new path metric data at 
a respective time T+2 from the temporal path metric 
data at said time T+l and said branch metric data at 
10 said time T+l. 

10. The method according to claim 9, wherein said 

(j) calculating step comprises the steps of: 

; (1) selecting a first one : .of said path metric 
data at said time T, second one of said path metric 
5 data at said time T, third one of said path metric 
data at said time T , and fourth one of said path 
metric data at said time T; 

(m) adding said first branch metric data at 
said time T and said first path metric data at said 
10 time T to produce a first addition result at said time 
T+l, adding said second branch metric data at said 
time T and said second path metric data at said time T 
to produce a second addition result at said time T + l r 
adding said third branch metric data at said time T 
15 and said third path metric data at said time T to 

produce a third addition result at said time T+l, and 
adding said fourth branch metric data at said time T 
and said fourth path metric data at said time T to 
produce a fourth addition result at saiid time T+l; 
20 (n) selecting a first smaller one of said 

first and second addition results at said time T+l, 
arid selecting a second smaller one of said third and 
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fourth addition results at said time T+l; and 

(o) latching said first smaller addition 
25 result at said time T+l as said first one of said 
temporal path metric data, and said second smaller 
addition result at said time T+l as said second one of 
said temporal path metric data. 

11. The method according to claim 10, wherein 

said ( Jc ) calculating step comprises the steps of: 

(p) selecting a first one of said temporal path 
metric data at said time T+l, a second one of said 
5 temporal path metric data at said time T+l, said first 
temporal path metric data at said time T+l, and said 
second temporal path metric data at said time T+l; 

(q) adding said first branch metric data at 
said time T+l and said first temporal path metric data 

10 at said time T+l to produce a first addition result at 
said time T+2, adding said second branch metric data 
at said time T+l and said second temporal path metric 
data at said time T+l to produce a second addition 
result at said time T+2, adding said third branch 

15 metric data at said time T+l and said first temporal 
path metric data at said time T+l to produce a third 
addition result at said time T+2, and adding said 
fourth branch metric data at said time T+l and said 
second temporal path metric data at said time T+l to 

20 produce a fourth addition result at said time T+2; 
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(r) selecting a first smaller one of said 
first and second addition results at said time T + 2 and 

outputting a first one of said path selection data for 

the first smaller addition result at said time T+2 , 
25 and selecting a second smaller one of said third and 

fourth addition results at said time T+2 and outputting a 
second one of said path selection data for the second 
smaller addition result at said time T+2; and 

(s) latching said first smaller addition 
30 result at said time T+2 as a first one of said new 
path metric data, and said second smaller addition 
result at said time T+2 as a second one of said new 
path metric data. 

12. The method according to any of claims 7 to 

11, further comprising: 

(t) latching the smallest one of elements of 
said new path metric data for states determined based 
5 on a restriction length; and 

(u) subtracting a value of said smallest 
element from each of elements of said path metric data 
read out from said path metric memory. 

13. The method according to any of claims 7 to 

12, wherein said (c) writing step comprises the step 
of: 

writing said new path metric data and said 
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path selection data generated by a plurality of ACS 
units through said (b) calculating step in said path 
metric memory and said path memory, respectively. 

14 . A Viterbi decoder substantially as herein 

5 described with reference to and as shown in the 
accompanying drawings. 

15. A method of Viterbi-decoding demodulation 

data, the method being substantially as herein described 
with reference to and as shown in the accompanying 
10 drawings- 
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